An additional Gaussian peak was incorporated to the background to fit a broad peak at around 1.4 Å -1 due to a Kapton capillary. Table S1 , Fig. S1 , and Table S2 show the refinement details, the result of the profile fitting, and the refined structural parameters, respectively. Although no secondary phase was detected by the present measurement, there might exist small amount of Mg or MgO (due to native surface oxide of starting material powder) with low crystallinity. We could not detect signs of excess Mg occupied at interstitial sites in the crystal structure. Table S1 Crystal data, condition of data collection, and refinement results.
Crystal data
Formula, Z Mg3Sb1.5Bi0. 
Refinement results

Number of data points 37559
Number of refined parameters 28
Number of refined reflection 273 
S2. Electron backscattering diffraction (EBSD) mapping
In general, EBSD mapping is a real-time graphical pattern matching process to index observed electron diffraction patterns (Fig. S2 ) using predefined unit cell parameters. 4 To obtain clear diffraction patterns, preparing a flat and clean surface is crucial. In this work, sintered samples were polished with abrasive papers, followed by Ar-beam milling (Leica EM TIC 3X; Germany). We used the unit cell parameters obtained by the structural refinement in S1. Figure 
S3. Chemical composition analysis
We performed composition analysis of samples sintered at 873 K and 1123 K with the nominal composition Mg3.2Sb1.5Bi0.49Te0.01 using energy-dispersive X-ray spectroscopy (EDS) and inductively coupled plasma atomic emission spectroscopy (ICP-AES) techniques. EDS measurement was performed using a scanning electron microscope (SU-8220, Hitachi High-Technologies; Japan) equipped with two kinds of EDS detectors: one was a standard silicon drift detector for quantitative analysis (Quantax XFlash 6|10, Bruker; Germany) and the other was an annular detector with the higher solid angle for fast EDS Figure S4 shows a result of EDS mapping of a sample sintered at 1123 K. No noticeable variations in the composition were found, and the sample was homogeneous in the observed length scale. Table S3 Results of composition analysis. Sum of atomic composition of Sb and Bi is fixed to be 1.99. . Figure S5 (a) shows TG-DSC data under a constant heating rate of 20 K/min in Ar or air atmosphere. In Ar, no mass change was observed while a broad exothermic peak around 900 K and an endothermic peak at 1123 K were observed. The exothermic peak is possibly due to relaxation of residual strain in a sample prepared by SPS. The endothermic reaction at 1123 K corresponds to the structural phase transition from α-phase (trigonal P 3 m1) to β-phase (cubic Ia3). [5] [6] [7] [8] In air, immediate continuous oxidation started at around 1000 K (0.5% mass increase occurred at 977 K). To estimate the thermal stability of the sintered Mg3.2Sb1.5Bi0.49Te0.01 sample in high temperature air, we assume the Arrhenius law exp ⁄ holds for the lifetime t(T) of the sample in terms of oxidation failure. Here, A is a constant, Ea is the activation energy, and kB is the Boltzmann constant. If we assume that the continuous oxidation started 1 min before (at 957 K) the mass increase of 0.5% occurred at 977 K [ Fig. S5(a) ], the activation energy Ea and the constant A are 2.2 eV and 1.6 × 10 -12 min, respectively.
The lifetime at 720 K is estimated to be 1.3 × 10 2 h. Although Mg3.2Sb1.5Bi0.49Te0.01 is relatively stable against oxidizing atmosphere, a protective coating or encapsulation is needed to operate this material in the most efficient temperature condition for a long time. 
